Abstract. We have investigated the sensitivity of the intensity of convective activity and atmospheric radiative cooling to radiatively thick upper-tropospheric clouds using a new version of the Colorado State University General Circulation Model. The model includes a bulk cloud microphysics scheme to predict the formation of cloud water, cloud ice, rain, and snow. The cloud optical properties are interactive and dependent upon the cloud water and cloud ice paths. We find that the formation of a persistent upper tropospheric cloud ice shield leads to decreased atmospheric radiative cooling and increased static stability. Convective activity is then strongly suppressed. In this way, upper-tropospheric clouds act as regulators of the global hydrologic cycle, and provide a negative feedback between atmospheric radiative cooling and convective activity.
Introduction
Stratiform anvil clouds significantly reduce the top-of-the atmosphere outgoing longwave radiation, thus contributing strongly to the greenhouse effect of the atmosphere [Ackerman et al., 1988] . At solar wave lengths, bright anvils reflect solar radiation back to space [e.g., Ramanathan and Collins, 1991] , while solar absorption by cirrus clouds strongly heats the upper troposphere [Ramaswamy and Ramanathan, 1989] .
Studies with general circulation models have demonstrated that, by influencing the horizontal variations of the longwave cooling of the atmosphere, upper-tropospheric clouds also have a powerful influence upon the local intensity of convection and, in particular, the atmospheric circulation. Randall et al. [1989] and Slingo and Slingo [1988] showed that the horizontal variations of the atmospheric cloud longwave radiative forcing locally enhances large-scale rising motion, deep convective activity and cumulus precipitation in the region of strong longwave heating. This is a positive feedback that tends to increase the local intensity of convection. We call it a "radiativedynamical-convective feedback." It is a local feedback because it depends on the horizontal variations of the longwave heating.
Here we a report a global negative feedback loop involving the formation of upper-tropospheric stratiform clouds, atmospheric radiative cooling (ARC), and convective activity. We call it "a global radiative-convective feedback." It works as follows: Strong convective activity produces a radiatively thick upper-tropospheric cloud shield by detrainment of cloud water and cloud ice from the tops of cumulus towers. The formation of thick stratiform anvils and cirrus debris lead to a decreased ARC and a more statically stable atmosphere. Cumulus convection is then suppressed and the total precipitation rate decreases. The upper-level fractional cloudiness diminishes accordingly. The system equilibrates when the ARC and latent Copyright 1994 by the American Geophysical Union.
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heating are in balance, as shown in Fig. 1 . The reduction in the precipitation rate due to decreased ARC does not necessarily occur in the same place where the ARC decreases; nevertheless, in a global average, the reduction in the ARC leads to a reduction in the latent heating. This is why we describe the feedback as "global." Figure 2 illustrates both the radiativedynamical-convective feedback and the global radiativeconvective feedback, and shows how they differ.
Model Description
We 
Experiment Design
Two 120-day simulations were performed, both corresponding to perpetual January conditions. Sea-surface 
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FEEDBACK 2037 distribution of CI shows a primary maximum at high latitudes in the winter hemisphere in conjunction with cold temperatures, and a secondary maximum at low latitudes in conjunction with strong detrainment of cloud ice at the tops of cumulus towers. The simulated CI seems plausible but cannot be checked against satellite data at present, since no such data exist. These maxima and minima of CI are the strongest in the SRH run. The amount of suspended cloud water (CW) is shown to undergo a very similar increase as CI when q½o varies from 0.1 to 0.7 g kg 'l.
The increase in CW and CI from FRR to SRH, resulting from slower conversion of cloud water to rain and cloud ice to snow, is quite dramatic. Table 1 indicates that, on a global average, CW is increased by a factor of 4 while CI is increased by a factor of 5. As seen in Fig. 3 .b, the increase in CW and CI between FRR and SRH produces a dramatic increase of uppertropospheric cloudiness. The fractional coverage (in the monthly mean) of upper-tropospheric clouds drastically increases from a fairly realistic 54% in FRR to a very unrealistic 94% in SRH. The corresponding changes are 37% to 61% for middle-level clouds (between 700 mb and 400 rob), and 45% to 56% for low-level clouds (below 700 rob).
The effect of the formation of an optically thick cloud shield on the outgoing infrared radiation is also shown in Fig. 3.c shows that the large-scale precipitation rate increases in the tropics by about 2 mm day '• while it also decreases by the same amount at about 50øN. Table 1 shows that the globally averaged total precipitation rate is reduced by about 41% in SRH. This is a direct response to the reduced ARC between SRH and FRR (40 W m'2).
Finally, Fig. 5 shows the impact of the reduced atmospheric radiation cooling and convective activity on the latitudinal and vertical distributions of temperature. The presence of a uppertropospheric cloud shield yields a warming of the whole troposphere which remains small at low levels, due our use of fixed sea-surface temperatures, and is very large at high altitudes. Figure 5 shows that the zonally averaged temperature increases by as much as 30 K at the tropopause height in the summer hemisphere.
Discussion
We have illustrated a global radiative-convective feedback through the use of an extreme scenario (case SRH), which was realized by producing a persistent, radiatively thick, uppertropospheric cloud ice shield with the cloud microphysics scheme. The effects of the upper-tropospheric clouds are to reduce the ARC by about 56%, and to increase the static stability of the atmosphere. Convective activity is almost completely suppressed by the strong increase in static stability. The total precipitation rate is decreased by about 40%. Largescale precipitation increases, and this is made possible by an overall increase in the relative humidity and the precipitable cloud feedback is at' work in a climate system that also contains other cloud feedbacks, both positive and negative. The combined effects of these several cloud feedbacks on the climate system can only be determined after much further study.
